Objectives. Studies suggest that folic acid intake influences the occurrence of low birthweight and preterm delivery. Since 1998, there has been compulsory fortification of flour and other grains with folic acid in the U.S. The objective of this study was to investigate the frequencies of low birthweight and preterm delivery after mandatory folic acid fortification among approximately six million California births.
Epidemiologic evidence indicates that periconceptional vitamin supplementation with folic acid reduces the risk of women having neural tube defect-affected pregnancies. 1 The mechanisms by which folic acid contributes to this risk reduction remain unknown. Several studies have investigated the influence of folate on the occurrences of other reproductive outcomes such as low birth weight and preterm delivery. [2] [3] [4] [5] [6] [7] [8] [9] [10] While some studies observed associations between folate intakes and lowered infant birthweight, 2, 4, 9, 10 or between folate intakes and preterm delivery, [2] [3] [4] 7, 9 other studies did not observe such associations. 3, 5, 6, 8 The discrepancies in findings may be partially attributable to variations in populations studied and in study design methods.
Since 1998, there has been compulsory fortification of flour and other enriched grain products with folic acid in the United States. A 19% decrease in the U.S. prevalence of neural tube defects has been observed to coincide with this fortification. 11 Other potential reproductive-related effects have not been described. Motivated by the absence of such studies, we attempted to determine whether fortification of the food supply with folic acid has influenced the frequency of low birthweight and preterm delivery in the California population. We investigated the frequencies of low birthweight and preterm delivery before and after mandatory folic acid fortification among approximately six million California births.
METHODS
This study included all 5,916,630 singleton live births that occurred from January 1, 1990, through December 31, 2000, in California. During the same time period, there were 34,677 fetal deaths, i.e., death at Ն20 weeks gestation. All information about live births was derived from birth certificates. Of the total 5,916,630 live births, 45,898 weighed Ͻ1500g, 286,555 weighed Ͻ2500g, 436,036 were born at Ͻ37 weeks gestation, and 146,597 weighed Ͻ2500g and were born at Ͻ37 weeks gestation. Last menstrual period as reported on the birth certificate was the source data for gestational age determination. Considered as covariates were maternal age (Ͻ20, 20-24, 25-29, 30-34, and Ͼ35), maternal parity (0, 1, 2, and Ն3), maternal race/ethnicity (U.S.-born Hispanic, foreign-born Hispanic, non-Hispanic, black, and other); and maternal education (Ͻhigh school graduate, high school graduate, Ͼhigh school graduate). The characteristics of the study population are shown in Table 1 .
Fortification of grain products with folic acid became mandatory in January 1998. Optional fortification by manufacturers was authorized in 1996; how- ever, the extent of fortification before 1998 is unknown. Therefore, we designated the period "before fortification" as January 1, 1990, through December 31, 1997, and the period of "fortification" as October 1, 1998, through December 31, 2000 (most recent year with complete vital statistics information). The period that included the first nine months of 1998 was considered separately in unadjusted analyses, but was included in the "before fortification" period in multivariable analyses.
The observed birth prevalences of very low birthweight (Ͻ1500g), low birthweight (Ͻ2500g), and preterm delivery (Ͻ37 weeks gestation) were estimated by dividing the total number of live births with each outcome by the total number of live births in a given time period and multiplying by 100 to yield a percentage. We estimated the effect of fortification on prevalences of very low birthweight, low birthweight, and preterm delivery using Poisson regression techniques.
RESULTS
The unadjusted prevalence of very low birthweight, low birthweight, and preterm delivery did not appear to vary substantially across birth years 1990-2000 (Table  2 ). Moreover, we did not observe substantial decreased prevalences of these outcomes during the fortification period relative to the periods preceding it.
Adjusted analyses provided a potentially different interpretation. Using Poisson regression models, we investigated the effect of fortification period (defined in these analyses as before October 1, 1998, vs. after September 30, 1998), simultaneously adjusted for age, parity, race/ethnicity, education, and year of birth, on prevalences of very low birthweight, low birthweight, and preterm delivery. These analyses revealed relative risk ratios (RR) with 95% confidence intervals (CI) of: RR=0.91 (95% CI 0.88, 0.94) for very low birthweight, RR=0.94 (95% CI 0.93, 0.96) for low birthweight, and RR=0.96 (95% CI 0.94, 0.97) for preterm delivery, thus suggesting small reductions in prevalences of these outcomes associated with the timing of fortification of the U.S. food supply.
Results were not materially affected by incorporating fetal deaths into either unadjusted year-to-year prevalence estimations, or adjusted risk estimations (not shown). 
CONCLUSION
These multivariable results suggest that small risk reductions in prevalences of very low birthweight, low birthweight, and preterm delivery coincided with the timing of folic acid fortification of the U.S. food supply. These observations are consistent with two smaller studies 2,4 that observed decreased prevalences of these important reproductive outcomes associated with vitamin supplement intakes of folic acid during pregnancy. A potential limitation of these data is the lack of information on exactly when the study population began consuming folic acid-fortified foods. Because manufacturers had authorization to begin fortification as early as 1996, it is possible that individuals within the study population consumed fortified foods before January 1998, the date used in this study to define the advent of fortification. Our analytic approach included this earlier potential exposure to folic acid. Therefore, we likely included women who consumed fortified foods during pregnancy, but were considered not to have done so. The direction of this misclassification, however, would bias the results towards not finding a change in prevalences. Another potential limitation pertains to the study design. Our approach did not allow us to determine whether women who did, vs. did not, deliver preterm or lowerweight infants had similar or dissimilar intakes of foods fortified with folic acid. Our study was also limited to routinely collected variables in vital statistics files. Thus, we were unable to explore potentially important confounders such as maternal smoking during pregnancy.
These data represent an initial attempt at examining the influence that food fortification with folic acid may have on reproductive events among a large subset of the U.S. population.
